The Western Ghats (WG) in India is recognized as one of the global biodiversity hotspots which have high proportion of endemic species and the medicinally important tree species. Due to medicinal importance and being found on the forest fringes, Symplocos racemosa Roxb. is highly susceptible to anthropogenic activities. The present study was undertaken to systematically analyze the effects of anthropogenic activities on the genetic diversity and population structure of S. racemosa and to generate preliminary data for conservation purposes. We analyzed the variation in intergenic sequences of chloroplast and mitochondrial genomes from seven sites of S. racemosa sampled from protected, semiprotected, and disturbed areas of WG. Total diversity was high although within-sites diversity was low. The protected sites were highly diverse, while the disturbed areas possessed less genetic diversity indicating the effect of anthropogenic activities.
Introduction
The Western Ghats (WG) in India is recognized as one of the world's ten most important biodiversity hotspots and has over 5000 species of flowering plants [1] . It covers an area of 160,000 km 2 , with an elevational range of 300-2700 m and a latitudinal extent of 12 ∘ (8 ∘ N-20 ∘ N). The WG flora is characterized by many relictual species and a high proportion of endemic species [2] . However, due to the enormous demand for herbal products worldwide, there has been an indiscriminate extraction of the medicinally important plants from this region. As a result, WG is facing one of the largest demographic pressures of Southeast Asia [3] and this stresses the urgent need for revised protection measures for the WG/Sri Lanka hotspot.
The distribution of genetic variation within a species reflects both historical relationships among populations and ongoing processes of gene flow and isolation. As a consequence, genetic similarity observed between a given pair of populations may be either due to a recent common ancestry or the result of gene flow subsequent to population divergence. In many existing populations, genetic measures are based on genealogically unordered data that do not distinguish between these alternatives and the current population structure is typically assumed to reflect an equilibrium level of gene flow per generation [4] . However, this equilibrium perspective can be misleading, particularly for the species where recent history is a major determinant of population structure. In order to understand various selection pressures on the plants inhabiting these areas, it is important to analyze their genetic structure. It is known that the levels of genetic variation within and among natural populations provide fundamental information for both the understanding of the microevolutionary processes that bring about divergence 2 International Journal of Biodiversity within species and the establishment of efficient conservation practices for threatened ecosystems [5] . The use of molecular markers derived from different genomes provides a more complete description of population structure [6] and aids in identification of species, races, and populations for conservation programs [7] . In plants, the chloroplast (cp) and mitochondrial (mt) genomes evolve slowly compared to the nuclear genome and have low mutation and recombination rates [8] . Hence, for woody perennial plant species, nuclear genes provide little power for discrimination among populations because the majority of their diversity resides within populations [9] . In contrast, the cytoplasmic genomes of cp and mt are often strongly differentiated among populations allowing identification of diverged populations [10] .
Symplocos, a woody angiosperm of the family Symplocaceae, is relatively a large genus consisting of approximately 290 species, of which 68 have been reported from India [11] . A medicinally valued species of this genus, Symplocos racemosa Roxb., is found in forests of WG inhabiting an altitude range of 400-1000 m. It is an evergreen moderate sized tree with leaves dark green and glabrous above, orbicular to elliptic lanceolate and subcoriaceous [12] . Its bark is cooling, mildly astringent, light, and useful in treating dropsy, elephantiasis, filaria, liver complaints, bowel complaints, eye diseases, ulcers, menorrhagia, and leucorrhoea [11] . Much attention has been paid to S. racemosa owing to its antifibrinolytic activity and inhibitory activity against snake-venom phosphodiesterase I [13] and some phenolic compounds as potential candidates for the therapy of arthritis [14] . Due to such high medicinal importance, the species is being rapidly extracted from its native habitats. Hence, we undertook this study to analyze systematically and examine the impact of habitat fragmentation on the genetic diversity of this species. Depending on the extent of anthropogenic disturbances, the seven collection sites in WG were classified as protected, semiprotected, and disturbed. We evaluated the genetic variation existing in intergenic sequences of cp and mt DNA of S. racemosa to document the patterns of genetic diversity within and among the sites in the context of effect of habitat disturbance on its genetic diversity and need for conservation.
Materials and Methods

Study Areas.
The study area comprised of seven sites from WG ( Figure 1 and Table 1 ) spread over two states of India, namely, Karnataka and Maharashtra, and was divided into three groups. Group I represented the sites from protected areas like Agumbe (AGB), Bhagamandala (BHM), and Madikeri (MAD). Group II, defined as semiprotected areas, was comprised of protected forests disturbed to different extent and included Castle Rock (CAS) and Amboli (AMB). Similarly, Group III was comprised of sites from disturbed areas, Mahabaleshwar (MAH) and Tillari Dam (TIL). The sites were grouped on the basis of analysis of semiquantitative field observations. The rate of disturbance at each site was measured using different drivers of disturbances such as fire, grazing, paths construction, cutting trees, and tourism/collection, the details of which are mentioned in Table 2 . Though all these areas were parts of protected forest zones mostly classified as forest reserves, human intervention as well as conservation methods varied necessitating an elaborate analysis of the anthropogenic activities on these forest regions.
2.2. Sampling. S. racemosa was collected from seven natural sites and the among-sites distances were more than 10 km as suggested by Nybom and Bartish [15] ; the minimum and maximum aerial distances among the sites are 25 km and 648 km, respectively. The collection sites were predetermined based on herbarium collections of Botanical Survey of India (Western Circle, Pune, India) (BSI) and field collections were made and observations recorded in collaboration with them. The number of plants collected per site ranged from five to twenty and a distance of about 10 m was maintained among the selected individuals to avoid sampling from the same clonal individuals. Leaf samples were collected from randomly selected trees, irrespective of their age or size. After collection, the leaves were cleaned, frozen immediately in liquid nitrogen, and stored at −80 ∘ C till further processing.
DNA Extraction and PCR Amplification.
Total genomic DNA was extracted using a modified cetyltrimethylammonium bromide (CTAB) method [16] and quantified on 0.8% agarose gel stained with ethidium bromide. Polymerase chain reaction (PCR) conditions were standardized for twenty pairs of universal primers representing various intergenic regions in cp and mt DNA as described by Demesure et al. [17] , Dumolin-Lapegue et al. [18] , and Chiang et al. [19] . Each 25 L reaction consisted of 60 ng template DNA, 200 M of each dNTPs, 0.2 M of each primer, 1.5 mM MgCl 2 , 0.8 U of Taq DNA polymerase (Bangalore Genei, Bangalore, India), and 10X buffer provided by the manufacturer. The PCR amplifications were carried out in PTC 200 thermal cycler (MJ Research, Waltham, MA, USA) at initial denaturation 94 ∘ C for 5 min, followed by 35 cycles of 94 ∘ C for 1 min, 30 s at 50-63 ∘ C (depending upon the average annealing temperature of the primers used), and 2 min at 72 ∘ C with a final extension of 5 min at 72 ∘ C. The PCR amplicons were separated by electrophoresis on 1% agarose gels in 0.5X Trisacetate-EDTA (TAE) buffer (pH 8.0). In all, ten cp and six mt DNA primers giving good amplicons during initial screening were considered for further study. For the present study PCR-RFLP approach was used. For this analysis, 5 L of PCR product obtained using the selected primers was restricted separately with six different tetranucleotide specific restriction endonucleases (AluI, HaeIII, HhaI, MspI, RsaI, and TaqI) and four hexanucleotide specific restriction endonucleases (EcoRI, HinfI, HindIII, and XbaI) (Promega, USA) using 1-2 units of restriction enzyme in 1X restriction buffer (provided by the supplier) and incubating the reaction at 37 ∘ C (65 ∘ C in case of TaqI) for 12-14 h. The restriction digests were resolved on 1.5% agarose gels (for fragments above 1.3 kb) and on 2-3.5% MetaPhor agarose gels (Cambrex Bio Science, USA) (for fragments having size range of 75 bp-1.3 kb) in 0.5X tris I  CAS  0  1  2  2  1  6  II  AMB  1  1  3  2  2  9  II  MAH  0  2  3  2  3  10  III  TIL  0  2  3  3  2  10  III For individual category score 0-3 indicates 0: no activity, 1: low activity, 2: moderate activity and 3: higher activity. For total weighted score 0-4: no disturbance; 5-9: moderate disturbance 10->10: high disturbance.
Group I: protected area; Group II: semiprotected area; Group III: disturbed area.
borate EDTA-TBE (44.5 mM Tris base; 44.5 mM boric acid; 1 mM EDTA) buffer. The agarose and MetaPhor agarose gels were stained with ethidium bromide and photographed using ImageMaster VDS gel documentation system (Amersham Biosciences, USA) under UV light.
Data Analysis.
Definitions of chlorotypes and mitotypes were generated by combining the alleles observed using four and three primer pair-restriction endonuclease combinations (PECs) specific for cp and mt DNA, respectively. The diversity parameters ( : total diversity, : average intrapopulation diversity, and : the level of population subdivision of diversity using unordered alleles) and the frequency of haplotypes were analyzed using the HAPLODIV program [20] . Similarly, the HAPLONST program [21] was used to calculate (the level of population subdivision for ordered alleles) and V and V (analogues of and ). Likewise, PERMUT [21] was used to evaluate the differences between and values for statistical significance to identify the existence of geographical structure. Based on , , and values, standardized and Jost's values were calculated using Hedrick's [22] formula. Jost's can explain the differentiation based on mutation rate and allele identity [23] .
is defined as the proportion of genetic diversity that exists among populations [24] and is calculated from the total genetic diversity in the pooled population ( ) and the mean diversity within each population ( ) [24, 25] . A value of "1" indicates that all populations are completely differentiated and all differences in haplotypic composition lie among populations rather than within. A value of "0" indicates that all populations are the same and all differences in haplotypic composition lie within rather than among populations. Based on the previous observation, the diversity restricts the possible range of [26] ; the standardization of was proposed by Hedrick [22] to account for the variation in the maximum obtainable . Based on Nei's [24] definition of , Hedrick defined the standardized , that is [27] . The standardization ensures that has an upper limit of 1 which is achieved in conditions (a) when populations have nonoverlapping sets of alleles (b) when all the populations are fixed for a single allele (within population diversity is zero) and in a condition when there are two or more different alleles over all populations. Strong effect of genetic drift and/or a low mutation rate finds expression in form of low values of . Lowering of often leads to lowering of , relative to . For practical purpose the observation is that is mostly larger than , owing to higher within population diversity, because in most of the analyzed studies the within population diversity is high, indicating that underestimates among population differentiation. However, certain diversions have also been noted, stronger differentiation has been observed in case of than . As Hedrick's [22] also suffers from the same underestimation in case the sampled population is small, it needs to be corrected and is termed as [27] . The unweighted pair group method with arithmetic Mean (UPGMA) dendrograms was constructed with coefficient of distances using MVSP for Windows (http://www .kovcomp.co.uk/mvsp/) with 1000 permutations to analyze the relationships among the sites, for cp and mt data each. A minimum spanning network (MSN) among the haplotypes was constructed using ARLEQUIN version 3.11 [28] and visualized using TREEVIEW version 1.6.6 [29] . The influence of spatial separation on the degree of differentiation among the sites was investigated by calculating pairwise and values using the program DISTON (http://www.pierroton.inra.fr/genetics/labo/Software/Diston/index.html) and by plotting the means of these parameters against geographical distance classes. ARLEQUIN was used to partition the variance among the regions, sites and within sites, based on analysis of molecular variance (AMOVA). The AMOVA was performed in two ways: (i) the whole dataset with all the sites taken together and (ii) partitioning the sites in terms of their ecological status (protected, semiprotected, and disturbed).
Results
In case of cpDNA, the noncoding region between the psaA and trnS genes revealed polymorphism upon digestion with HaeIII, HhaI, HinfI, and RsaI enzymes. Similarly, in case of mtDNA, the nad7/2-nad7/3r region showed polymorphism upon digestion with AluI, HhaI, and RsaI (Table 3 ). From the initial screening, seven primer enzyme combinations (PEC) yielding unambiguous amplicons and digestion patterns were selected to analyze the genetic diversity among the 91 individuals from seven S. racemosa sites. Four of these patterns were cp specific, while three were mt specific. The size of the polymorphic fragments ranged from 75 bp to 872 bp for cpDNA and from 170 bp to 740 bp for mtDNA (Tables 3  and 4 ). The PEC psaA-trnS:HaeIII for cpDNA and nad7/2-nad7/3r:HhaI for mtDNA showed the highest polymorphism Table 3 : Distribution of the chlorotypes and mitotypes in seven populations of S. racemosa.
Populations
Karnataka Maharashtra  Total  ( )  Frequency  AGB  BHM  MAD  CAS  AMB  MAH  TIL  Group  I  I  I  II  II  III  III  Chlorotypes  CH1  ---18  13 11 0.76 ± 0.11 0.25 ± 0.18 0.70 ± 0.22 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
The numbers in bold indicate unique haplotypes. of 57.14%. In all, alleles from 14 loci defined the chlorotypes, while the alleles from 11 loci contributed to the definition of mitotypes.
Chlorotypes, Mitotypes, and Their Diversity Indices.
The seven S. racemosa sites were represented by nine chlorotypes (see Supplementary Table 1 in Supplementary Material available online at http://dx.doi.org/10.1155/2014/296891) and eight mitotypes (Supplementary Table 2 ). The distribution of the haplotypes with respect to geographical locations is presented in Figure 1 and Table 3 . No haplotype common to all the sites was detected for both cp and mt DNA but the CH1 and MT1 haplotypes were dominant haplotypes. AGB represented the highest number of haplotypes for both the genomes while in contrast, TIL was represented by only one cp and mt DNA haplotypes each. The number of chlorotypes detected per individual was also the lowest (0.05) for TIL and the highest for AGB (0.55) and MAD (0.60) ( Table 3 ). The situation was similar for the number of mitotypes as well. As clear from Table 3 , the diversity was high in the protected group and low in the disturbed group in case of both the genomes.
The diversity indices estimated using HAPLODIV and HAPLONST revealed high total diversity ( ) for cp (0.786) and mt (0.778) genomes, although the intrasites diversity ( ) was low (cp = 0.352, mt = 0.245). The trends were similar for the ordered counterparts.
for cp genome is 0.787 and for mt 0.769, and V for cp is 0.352 and for mt 0.312. Permutation analysis of chlorotypes and mitotypes with 1000 permutations gave 5% of the permuted values greater than the observed value of , indicating that the difference between and was significant. The value was very high (0.910 for cp and 0.954 for mt) for both the genomes. Low values of lead to low values of than , but practically they appear to be greater than as the within population diversity is high [27] . In our study also for cp genome the value of was 0.780 and for mt genome 0.823 which is greater than .
Relationships among the Haplotypes.
The dendrograms drawn using the UPGMA algorithm considering the frequencies of individual chlorotypes and mitotypes in each population are represented in Figures 2(a) and 2(b) . Surprisingly, both the dendrograms were almost similar and showed clustering of the sites as per the geographical locations; the two Maharashtra sites (AMB and MAH) along with the north Karnataka site, CAS, formed one cluster, while the southern Karnataka sites (AGB, MAD, and BHM) formed another cluster. However, the TIL (Maharashtra) separated out from both the clusters in both the dendrograms. The MSN depicting the phylogenetic relationships among the chlorotypes and mitotypes (Figure 3) showed the presence of some of the unique haplotypes (CH2, CH7, and CH9 and MT2 and MT8) in the edges of the tree; while the dominant ones occupied anterior position in the network. In the cpDNA MSN, a maximum of five mutations were observed between CH1 and CH8, while, in the mtDNA network, two alternative connections were observed between MT1 and MT5 and MT6 and MT7 (Figure 3 ).
AMOVA.
The AMOVA performed with all the sites taken together showed that 74.32% and 69.26% variation were partitioned among the seven sites for cp and mt DNA, respectively, while the rest of the variation was within the populations (Table 4 ). However, when the AMOVA was performed with the populations grouped according to their ecological status (protected, semiprotected and disturbed), a majority of the variation was partitioned among populations within groups, while the rest of the variation was found within populations and among groups ( Table 4 ).
Discussion
In the present study, the haplotypes were distributed vis-àvis the geographical distances among them and the genetic diversity was relatively low within sites, similar to that reported for Orobanche glumaepatula [30] and O. cumana [31]. The low within-sites diversity might be because of fixation of most of the populations (except the AGB) for one or two types of haplotypes, while the high total diversity observed in this study was probably contributed by the unique haplotypes. Unique haplotypes are characteristic of expanding population and are not known to be found in population where the anthropogenic activities are the highest [32] . The Karnataka sites (AGB, MAD, and BHM) were more diverse, being represented by maximum number of haplotypes, which was apparently contributed by the unique haplotypes, especially in AGB. The TIL site shared one chlorotype and one mitotype with these populations, which are more than 400 km away from it, indicating that the genetic affinities among the sites were irrespective of the geographical distances. However, after this, TIL site apparently got fixed only for these haplotypes and no other haplotypes were detected even after sampling a maximum number of individuals from this site. The patchy or fragmented landscape of TIL seems to contribute to isolation of the population, which might have resulted in reduction of genetic diversity in this area. Long lived woody perennials, in particular, are expected to be resilient to changes in genetic diversity due to ample gene flow especially if they are cross-pollinating and have long generation times. However, habitat fragmentation might lead to genetic changes in remnant plant populations, which include the erosion of genetic variability and acceleration of genetic divergence among the populations by means of two mechanisms: reduced gene flow and an increase in random genetic drift, which might be true for the TIL. Due to this, the CAS and TIL sites, though separated by a distance of only 45 km, did not share any common haplotype. This indicated the lack of gene flow between them and underlined the existence of possible barriers in gene flow among these two populations.
Population differentiation is relatively high in both gymnosperms and angiosperms for cp and mt DNA, since the genomes are generally maternally inherited [33] . This has been found to be true in the present study as well. Low values of (in this study, for cp, = 0.352 and, for mt, = 0.245) indicate either low mutation rate or a consequence of genetic drift. In our study is larger than which is because of high within population diversity [27] . This indicates that underestimates the among population differentiation. Significant genetic differentiation in populations of tree species is observed when there is restricted seed and pollen dispersal resulting in low gene flow [34, 35] as observed in this study. The lack of haplotype International Journal of Biodiversity sharing along with high differentiation values obtained here implied an ancient nature of the sites. The species, which experience long-term biogeographic barriers to gene flow, are known to be composed of geographical populations that belong to different genealogies and are correlated to geographical boundaries [36] . Most of the sites of S. racemosa were restricted to mountains in small size and were strongly isolated from each other by mountains and valleys, which might have enhanced fragmentation in their habitat. Past fragmentation leading to geographical isolation and limited pollen/seed dispersal among the populations might have resulted in much lower diversity within populations and elevated genetic differentiation among the sites of S. racemosa.
In general, for out-crossing, wind-pollinated, and longlived tree species, genetic variation is expected to be maintained within populations, while predominantly selfing, short-lived species harbor comparatively higher variation among the populations. Although S. racemosa is a perennial out-crossing woody angiosperm, most of the genetic variation in this study was partitioned among the sites. This could be because these sites might have become susceptible to stochastic effects of genetic drift leading to reduction in heterozygosity and loss of alleles. Such lower genetic diversity has also been reported previously in many other relic species of East Asia, for example, Alsophila spinulosa [37] , Ammopiptanthus mongolicus, and A. nanus [38] . The genetic distances among the populations analyzed in this study did not correspond to the geographic distances among them. The pattern obtained in the genetic differentiation versus geographical distances indicated the same. Similar observations have been reported by Cronberg [39] and Galeuchet et al. [40] as well.
The high haplotype diversity observed in the protected sites highlights the fact that the genetic variability is higher in protected areas, suggesting a relation between genetic variation and habitat disturbance. The occurrence of only one or two haplotypes in disturbed areas despite the size of the samples being large might imply erosion of genetic variation due to various anthropogenic activities in these areas. In contrast, the presence of relatively high number of haplotypes and, as a result, high diversity in protected and semiprotected areas emphasizes the roles played by various natural factors in maintaining the diversity. The study areas AMB and MAH, which are under high demographic pressures due to various anthropogenic activities and other factors, have already been identified as reserve forests of high conservation value.
The lack of genetic diversity observed in disturbed areas, resulting in reduced fitness of the populations, has been observed in many studies [41] . Such genetic impoverishment is usually assumed to be the effect of genetic erosion within isolated populations in fragmented environments. A variety of conservation approaches ranging from strict protection to alteration of existing land use patterns to targeted management interventions for a particular species would be necessary across these areas for sustainable management of resources in these forests [41] . As the protected areas harbored higher genetic diversity than semiprotected and disturbed areas, these areas need to be strictly protected from human exploitation to conserve the inherent biodiversity.
However, human intervention would be necessary to augment the genetic diversity in semiprotected and disturbed areas by introducing individuals with different haplotypes from protected areas into these areas. In view of this, the AGB population would be a good source of different haplotypes of S. racemosa to be introduced in other areas.
Conclusion
The present study identified S. racemosa populations with low diversity as well as with unique haplotypes that could be used for formulating conservation strategies for the species. Among all the populations, the populations from protected areas exhibited high diversity while the disturbed areas showed less diversity. Since the AGB population depicted the highest number of haplotypes for both cp and mt genomes, it would be a good source of different haplotypes to be introduced in other areas. However, more such studies entailing other important plants from these biodiversity hotspots are needed to identify the target sites for effective maintenance and conservation of biodiversity of WG.
